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ABSTRACT 



According to the invention, the object (34) is brought to 
a first inspection station (1 to IV) in which the object is 
irradiated by thermal neutrons, the capture gamma 
radiation then liable to be emitted by the object and 
characterizing a chemical element of the substance to be 
detected is detected, if the intensity of said radiation 
exceeds a predetermined threshold, the object is 
brought to a second inspection station (V,VI), in which 
the object is irradiated by fast neutrons and the prompt 
gamma radiation then liable to be emitted by the object 
and characterizing the chemical element is detected, the 
energy of the fast neutrons being at least equal to that of 
prompt gamma radiation, in order to confirm or dis- 
prove the information obtained in the first station. 

11 Claims, 2 Drawing Sheets 
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in the object. A second inspection is then earned out at 
APPARATUS FOR THE DETECTION OF a different location as compared with the first inspec- 

SUBSTANCES AND IN PARTICULAR tion station using fast neutrons with a view to confirm- 

EXPLOSIVES BY NEUTRON IRRADIATION ing or disproving the information obtained during the 

THEREOF 5 first inspection. 

Admittedly document (1) FR-A-2201765 (cf. also 
This application is a Continuation of application Ser. U.S. Pat. No. 3,832,545), to which reference should be 
No. 07/374,987, filed on Jul. 3, 1989, now abandoned. made, discloses a method for the detection of nitro 
nccrpTPnnw explosives, using an irradiation by fast neutrons of an 

0£5>ckiki xuin 10 ob j ect tQ p^uk the eX piosive and the detection 

The present invention relates to a process and to an 0 f the capture gamma radiation which is characteristic 

apparatus for the detection of substances and in particu- 0 f nitrogen and which is emitted by the object if it 

lar explosives by neutron irradiation thereof. It more contains the explosive. 

particularly applies to the inspection of baggage, panic- i n addition, document (2) EP-A-0227497 published 

ularly in airports. * 5 on July 1 1987 and to which reference should be made, 

A method for the detection of explosives is already discloses another method for the detection of nitro ex- 
known, which involves the irradiation thereof by ther- plosive using an irradiation of an object liable to contain 
mal neutrons. However, this known method suffers tne explosive, by fast neutrons and the detection of the 
from the disadvantage of giving rise to an excessive prompt gamma radiation which is characteristic of the 
percentage of false alarms during high speed inspections 20 mtrogen which is emitted by the object if it contains 
and for small explosive quantities. tne explosive. 

The object of the present invention is to obviate this However, on reading these documents, there is noth- 

disadvantage and therefore reduce the percentage of mg tQ suggest carrying out two inspections at two sepa- 

false alarms by using a double inspection, namely an fatg j^^ons Qn the contrary, p. 6, line 35 to p. 7, line 

inspection using thermal neutrons and then an inspec- 25 6o f document (2) teaches the possibility of carrying out 

tion using fast neutrons. ^ i nspect ion of the nitrogen by means of fast neutrons 

More specifically, the present invention firstly relates md M the ^ locatioilf ^ inspection of other ele- 
to a process for the detection of a substance liable to be ment$i chJorine> by means of thermal neutrons re- 
contained in an object, characterized in that it com- gu) ffom ^ s]owing down of the f ast neutrons by 
prises the stages of bringing the object to a first inspec- 30 ^ ^ d object 

tion station, where the object is irradiated by thermal The methods of documents (1) and (2), considered 

neutrons, the capture gamma radiation liable to be emit- atel do not make it ossible t0 obtain both a low 

ted by the object and characterizing a chemical element P ^ inspection rate and a detection 

of the substance is detected, if the intensity his cap- 1 • ^ 0 f explosive, which is made possible 

ture gamma radiation exceeds a predetermined thresh- 35 " ' h v 

old the object is brought to a second inspection station by Q f the apparatus 

where the object is ™* accoStothe invention, said apparatus comprises an 

detection takes place of the prompt gamma radiation d 6 made from materiaJ £ bJe to the rmalize the 

liable to be emitted by the ob J»" d r ^ t ^^ ^ ^tneuroZ the first station being located within said 

chemical element, the energy of the neutrons be ng 40 > fast neutron sourc |, whic h is located in 

at least equal to that of the , prompt tTe enclosure and which is common to the first and 

characterizing the chemical element in order tc am- ^itx™ means and which cooperates with 

firm or disprove the information obtained at the first J~d££ %Q produce the therma] neu ^ ns and in 

present invention also relates to an apparatus for 45 that the enclosure is provided with 
the detection of a substance liable to be contained in an for permitting the passage of part of the fast neurons 
object, characterized in that it comprises means for emitted by the source the second station being located 
bringing the object to a first inspection station, first outside the enclosure facing the opening. 
InSLL means for irradiating Jto object in said first Preferab y, the fast neutron source is a pu sed source 
station by thermal neutrons, first detection means for 50 for supplying fast neutron bursts, the first detec ion 
detecting the capture gamma radiation liable to be emit- means serving to detect the capture gamma radia ion 
ted by the object and characterizing a chemical element between the neutron bursts and the second detec ion 
in the substance, means for brin|ng the object to a means serve to detect the prompt gamma radiation 
second inspection station if the intensity of said capture coinciding with said neutron bursts, 
gamma radiation exceeds a predetermined threshold, 55 The use of a pulsed neutron source, a synchronous 
second irradiation means for irradiating the object in detection of the prompt gamma photons and an anti- 
said second station by fast neutrons and second detec- synchronous detection of the capture gamma photons 
tion means for detecting the prompt gamma radiation makes it possible to obtain, for each detection type, a 
liable to be emitted by the object and characterizing the signal-to-noise ratio much higher than that obtained 
chemical element, the energy of the fast neutrons being 60 with a continuous fast neutron source, 
at least equal to that of the prompt gamma radiation According to a second embodiment of the apparatus 
characterizing the chemical element, in order to con- according to the invention, said apparatus comprises an 
firm or disprove the information obtained at the first enclosure made from a material able to thermalize the 
station. fast neutrons, the first station being located within said 
In the present invention, there is consequently a first 65 enclosure and a first fast neutron source placed in the 
inspection of the object by thermal neutrons and if said enclosure and which cooperates therewith to produce 
inspection is positive (exceeding the threshold), this the thermal neutrons and in that the second irradiation 
indicates the possibility of the presence of the substance means have at least one fast neutron source, the second 
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station being located outside the enclosure in the vicin- The apparatus also comprises four arrays of detectors 

ity of the second fast neutron source. able to more particularly detect capture gamma photons 

Preferably, the first fast neutron source is a pulsed of 10. 83 Me V characteristic of the nitrogen contained in 

source for supplying fast neutron bursts, the first detec- the explosives which it is wished to detect. In a purely 

tion means serving to detect the capture gamma radia- 5 indicative and non-limitative manner, each array e.g. 

tion between these neutron bursts and in that the second comprises 7x5 bismuth gennanate (BGO) scintillator 

fast neutron source is also a pulsed source for supplying detectors and forms a 80 x 60 cm rectangle, which 

fast neutron bursts, the second detection means serving makes it possible to inspect luggage on four sides oppos- 

to detect the prompt gamma radiation coinciding with ing one another in pairs, each side having as its maw- 

the fast neutron bursts supplied by the second source. 10 mum dimensions 80x60 cm. These arrays carry the 

The use of a first and a second pulsed sources, which respective references 12, 14,16 and 18 in FIG. 1. The 

axe regulatable independently of one another, makes it arrays 12 and 14 are placed in compartment 4, against 

possible to optimize the signal-to-noise ratio for each wall 8 and equidistant with respect to source 10 Arrays 

detection type (synchronous and anti-synchronous), » ".are placed in compartment 6 against wall 8 

whic* ji. J^^^^o-of.^ " ^e^ 

PU £ee^^ £ tio ^^ 

mately 14 MeV. Thus, a neutron source with such an 5?141L6 dS ; * y 

energy makes it possible to 20 bompa^ments 4 and 6 communicate with the outside 

In a particular embodiment of th 'apparatus accord- * respectively by the openings 20 and 22. 

mg to the invention, the first detection means have at Openings 20 and 22 are respectively located on enclo- 

least one array of gamma radiation detectors and means J£ ^ facm ^ ^ wa „ fi 20 

for processing the signals supplied by these detectors, ^ n m ^ d ^ SOUfCC ^ so ^ Qn Qnc sidc of 

said processing means being able to supply a cartogra- M thcir ^ t Unc is locatcd the first 8tation , and the 

phy of the object relative to its content of the element. foimh station Ty and Qn ^ Qthcr sjde ^ second $u . 

Said chemical element can be nitrogen, the first de- ^ n ^ the thifd station IIL ^j, of lhese two open . 

tection means then serving to detect gamma radiation at . 2Q 22 its of the fa$t ncutrons pr0 duced by 

10.83 MeV of the nitrogen and the second detection thc SQurcc 10 {Q pa$s QUtside enc i osure 2 , 

means for detecting gamma radiation at 5.106 MeV of 3Q A fifth j^p^on station y and a sixth inspection 

the nitrogen. The first detection means can also detect station VI m positioned outside enclosure 2, respec- 

at least one other capture gamma radiation characters- tively facing ^ ^ the v i cm j ty 0 f openings 20 and 22. 

ing a material able to stop thermal neutrons. In this case, A delect0 r 24 or respectively 26 able to detect prompt 

when the substance is an explosive containing nitrogen, gamma photons of 5. 106 MeV characteristic of nitrogen 

the second detection means can also be provided for 35 is p ] ace< j j n tne vicinity of station V or VI. It is a high 

detecting at least one other prompt gamma radiation resolution detector, e.g. a high purity germanium detec- 

characterizing another element in the substance, e.g. tor. Each of the detectors 24 and 26 is protected against 

oxygen and/or carbon. the neutron radiation from enclosure 2 (and essentially 

The invention is described in greater detail hereinaf- source 10) by an appropriate protection element 28, 

ter relative to non-limitative embodiments and the at- ^ which separates the said detector from the wall of the 

tached drawings, wherein show: enclosure which it faces and which widens in the direc- 

FIG. 1 a diagrammatic view of a first embodiment of t j on of the detector, 

the apparatus according to the invention, provided with The apparatus shown in FIG. 1 also comprises means 

an enclosure shown in plan view and whose upper wall 30 for moving the luggage to be inspected, said luggage 

is not shown. 45 items arriving individually at the apparatus for individ- 

FIG. 2 a diagrammatic view of a second embodiment uai inspection by the same, 

of the apparatus according to the invention. The means 30 comprise: 

FIG. 3 diagrammatically a constructional variant of means 32 for bringing a luggage item 34 into compart- 

the invention. ment 4 at station I through an opening provided on 

Hereinafter, it is assumed that it is wished to inspect 50 wall 35 linking walls 21 and 23 and located on the 

or check baggage or luggage liable to contain nitro side of stations I and IV, in such a way that the 

explosives, baggage item 34 presents a sidc carrying reference 

The apparatus diagrammatically shown in FIG. 1 B to array 12, 

comprises a thermalization enclosure 2, which is subdi- means 36 for bringing the luggage to station II with a 

vided into two compartments 4 and 6 by an inner wall 55 90* pivoting between stations I and II, in such a 

8. The enclosure 2 and its separating wall 8 are made way that the baggage presents to array 14 a side D 

from a material able to thermalize fast neutrons, e.g. a adjacent to side B, 

hydrogen-containing material such as polyethylene. means 3« for removing the baggage from compart- 
In enclosure 2, the apparatus also comprises a fast ment 4 by an opening provided on wall 39 linking 
neutron source 10, e.g. a tube generating neutrons of 14 60 walls 21 and 23 and located on the side of stations 
MeV by D-T reaction, operating in the pulsed mode II and III, 

and of the type manufactured e.g. by the SODERN means 40 for bringing the baggage which has left 

company. In its centre, wall 8 has an opening in which station III through another opening provided on 

is located the source 10, so as to be able to supply fast wall 39, whilst making the baggage describe a 180' 

neutrons into each of the two compartments 4 and 6. 65 turn, with also a 180* pivoting movement in the 

These fast neutrons are then thermalized by the walls of direction opposite to that of the turn, so that the 

the enclosure in such a way that a thermal neutron flux baggage presents to array 16 side G opposite to 

is obtained in each of the two compartments 4 and 6. side D, 
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means 42 for bringing to the station V the baggage tor 24 to means 60 is processed therein and compared 
which has left compartment 4, in such a way that with a second detection threshold. If the latter is not 
its side B or its side D, as a function of the particu- reached, the baggage is supplied on leaving compart- 
lar case, is turned towards the detector 24 and for ment 4 the position which it occupied in station II and 
bringing it on leaving compartment 4 into the posi- 5 from there to station III for continuing the inspection, 
tion which it occupied in station II, However, if the second threshold is exceeded or 

means 44 for bringing the baggage to a "suspect bag- reached, the baggage is considered suspect and is passed 
gage" area from station V, to the suspect baggage storage area. 

means 48 for bringing the baggage from station III to If the threshold is reached during one of the examina- 
station IV with a 90 p pivoting movement between 10 tions in stations III and IV, the baggage is supplied to 
the stations, in such a way that the baggage pres- station VI. In the case of the examination in station III 
ents to array 18 side H opposite to side B, or IV, the baggage is supplied to station VI with an 

means 50 for removing the baggage from compart- orientation such that side G or H of the baggage faces 
ment 6 through another opening in wall 35, detector 26. The baggage then undergoes the same 

means 52 for bringing the baggage which has left the 15 inspection as that carried out in station V. If the second 
"inspected baggage" zone, threshold is not reached, it is considered that the bag- 

means 54 for bringing the thus removed baggage to gage is not suspect. However, if the second threshold is 
station VI, in such a way that the baggage presents reached or exceeded, the baggage is considered suspect 
its side G or its side H, as a function of the particu- and is passed to the suspect baggage storage area, 
lar case, to detector 26, 20 The apparatus diagrammatically shown m FIG. 2 

means 56 for bringing the baggage to the "suspect differs from that shown in FIG. 1 by the fact that the 
baggage" area from station VI, openings 20 and 22 are eliminated and it has, apart from 

means 58 for bringing the baggage from station VI to source 10, two other pulsed fast neutron sources 62 and 
the "inspected baggage" area. 64, whose neutron fluxes can advantageously be lower 

The apparatus also comprises means 60 for the pro- 25 (approximately 10 to 100 tiroes) than the flux supplied 
cessing of signals supplied by the various detectors and by source 10, sources 62 and 64 being less expensive 
for controlling the displacement means 30 of the bag- than source 10. 

gage 34 to be inspected. The means 60 are in this case provided for carrying 

It should be noted that means 60 are connected to out the detection of prompt gamma photons produced 
arrays 12, 14, 16, 18, to detectors 24 and 26 and, by a 30 by station V coinciding with the fast neutron bursts 
synchronization line, to the pulsed source 10, with a emitted by source 62 and for carrying out the detection 
view to carrying out the detection of prompt gamma of the prompt gamma photons produced by station VI 
photons coinciding with the fast neutron bursts and the coinciding with the fast neutron bursts emitted by 
detection of the capture gamma photons between said source 64, as well as for carrying out the detection of 
neutron bursts. 35 the capture gamma photons produced in any one of the 

The apparatus shown in FIG. 1 operates as follows. stations I to IV between the fast neutron bursts emitted 
Baggage 34 is brought from a baggage storage area to by source 10 and for this purpose arc connected by a 
station 1, where it is irradiated with thermal neutrons synchronization line to each of the sources 10,62 and 64. 
resulting from the thermalization, by the walls of enclo- Source 62 or 64 is placed close to the protecting 
sure 2, of the 14 MeV neutrons emitted by source 10, 40 element corresponding to detector 24 or 26 opposite 
then brought to station II, where the baggage under- thereto with respect to the element provided in the case 
goes the same irradiation. The information supplied by of FIG. 2 for protecting the corresponding detector not 
each of the arrays 12 and 14 to means 60, during the only from the neutron radiation of source 10, but also 
examination in the corresponding station, are processed the neutron radiation of the corresponding source 62 or 
there in order to obtain a partial cartography in numeri- 45 64. 

cal or digital form of the particular baggage item, said As can be seen in FIG. 3, the explosive 66 which may 
partial cartography being quantified by its nitrogen be contained in the baggage to be inspected 34 may 
content relative to a first detection threshold taking have been placed in an envelope 68 made from a mate- 
account, in its definition, of the sensitivity of the equip- rial able to stop thermal neutrons. In order to get round 
ment in the detection mode used, the probability of a 50 this possibility, in each of the stations I to IV, there can 
false alarm and the probability of non-detection in a not only be an acquisition of the radiation at 10.83 MeV 
desired form. of nitrogen, but also at least one other capture gamma 

If the threshold is not reached in either of the two radiation, each other capture gamma radiation charac- 
inspections the baggage item is supplied to station III terizing a material able to stop thermal neutrons. Then, 
and then to station IV, where it undergoes the same 55 if the first threshold relative to nitrogen is reached or 
examination as in stations I and II, which makes it possi- exceeded or if the intensity of one of the other capture 
ble to obtain the complete cartography thereof. If once gamma radiation exceeds a certain level fixed by the 
again the threshold is not reached in any of the examina- users, the baggage is passed to station V or VI for a 
tions performed in stations III and IV, the baggage is complimentary examination by fast neutrons in the man- 
considered none-suspect and is dispatched to the in- 60 tier explained hereinbefore. 

spected baggage area. In stations V and VI, apart from the nitrogen mspec- 

If the threshold is reached or exceeded during one of tion, it is also possible to carry out a detection of prompt 
the inspections in stations I and II, the baggage item is gamma radiations characterizing oxygen and carbon 
passed to station V. If it is a case of the examination in and to determine the relative atomic percentages of 
station I or II, the baggage is brought to station V with 65 oxygen and nitrogen, as well as carbon and nitrogen in 
an orientation such that side B or side D thereof faces the baggage, in order to compare these percentages 
detector 24. The baggage then undergoes irradiation by respectively with the N/O and C/O ratios of known 
fast neutrons. The information then supplied by detec- explosives. 
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The present invention is not limited to the detection 
of nitro explosives. It is also applicable to the detection 
of non-nitro explosives, such as e.g. (KCIO3+ reducing 
agent) or (KMn04+ reducing agent) complexes. In this 
case other elements are detected, whilst exploiting with 
the aid of the capture reactions, the followin gamma 
signatures. 



Elements 


Effective Section 
(barns) 


Energy of the 
gammas emitted 
(MeV) 


Relative 
Intensity 


CI 


33 


6.1 


20% 






1.95 


22% 


Mn 


13 


7.2 


12% 






7.06 


11% 


K 


2.1 


0.77 


51% 






2 


11% 


S 


0.52 


5.4 


59% 


Na 


0.4 


6.4 


22% 






3.28 


19% 


P 


0.18 


3.9 


16% 






2.15 


15% 



10 



15 



20 



and with the aid of inelastic interactions, the following 
gamma signatures, whose energies are given in MeV: 2 5 



Cl: 


1.22-1.73-1.76-2.64-2.69 


Mn: 


0.86-1,17-1.53-1.88 


K: 


0.28-1.27-1.29-2.81-3.02 


S: 


1.27-1.68-2.03-2.13-2.23 


Na: 


1.64-2.39-2.64-2.98 


P: 


1.27-2.03-2.15-2.23-3.13 



30 



45 



50 



The present invention also applies to the detection of 
narcotics utilizing inter alia carbon and nitrogen signa- 35 
tures. 

The present invention is also applicable to the field of 
real time non-destructive testing on an operational site 
and also to the field of the optimized control of indus- 
trial processes. It should be noted that the apparatus 40 
according to the invention can be entirely automated. 

We claim: 

1. Apparatus for the detection of a substance liable to 
be contained in an object (34) comprising: 

a first inspection station (I to IV), 

first irradiation means (2, 10) for irradiating said ob- 
ject at said first station by thermal neutrons, 

first detection means (12, 14, 16, 18) for detecting at 
least one capture gamma radiation liable to be emit- 
ted by the object due to thermal neutron irradiation 
thereof, said capture gamma radiation characteriz- 
ing a chemical element in the substance, 

a second inspection station (V, VI), 

second irradiation means (10 or 62, 64) for irradiating 55 
the object at said second station by fast neutrons, 

second detection means (24, 26) for detecting at least 
one prompt gamma radiation liable to be emitted 
by the object due to fast neutron irradiation 
thereof, said prompt gamma radiation characteriz- ^ 
ing the chemical element, and the energy of the fast 
neutrons being at least equal to that of the prompt 
gamma radiation characterizing the chemical ele- 
ment, 

displacement means (30), said displacement means 65 
having 

means for bringing the object to the first inspection 
station (I to IV), 



means for bringing the object from the first inspec- 
tion station to the second inspection station (V, 
VI), 

means for bringing the object from the first inspec- 
tion station to a first area, 
means for bringing the object from the second 
inspection station to a second area, and 
processing and control means (60) for comparing the 
intensity of said capture gamma radiation and the 
intensity of said prompt gamma radiation to a pre- 
determined threshold and to another predeter- 
mined threshold respectively, and for controlling 
the displacement means, so as to displace the object 
from the first inspection station to one of the first 
area, if the intensity of said capture gamma radia- 
tion is lower than said predetermined threshold, 
and the second inspection station, if the intensity of 
said capture gamma radiation is equal to or greater 
than said predetermined threshold, and from the 
second inspection station to one of the first area, if 
the intensity of said prompt gamma radiation is 
lower than said other predetermined threshold, and 
the second area, if the intensity of said prompt 
gamma radiation is equal to or greater than said 
other predetermined threshold. 
Apparatus according to claim 1, further compris- 



2. 
ing: 

an enclosure (2) made from a material for thermaliz- 
ing the fast neutrons, the first station being located 
within said enclosure; and 

a fast neutron source (10), which is located in the 
enclosure and which is common to the first and 
. second irradiation means and which cooperates 
with the enclosure to produce the thermal neu- 
trons; 

wherein the enclosure is provided with at least one 
opening (20, 22) for permitting passage of part of 
the fast neutrons emitted by the fast neutron 
source, the second station being located outside the 
enclosure and facing the opening. 

3. Apparatus according to claim 2, wherein the fast 
neutron source (10) is a pulsed source for supplying fast 
neutron bursts, the first detection means including 
means for detecting capture gamma radiation between 
the neutron bursts and the second detection means in- 
cludes means for detecting prompt gamma radiation 
coinciding with the neutron bursts. 

4. Apparatus according to claim 1, further compris- 
ing: 

an enclosure (2) made from a material for thennaliz- 
ing the fast neutrons, the first station being located 
within said enclosure, and 

a first fast neutron source (10) which is placed in the 
enclosure and which cooperates therewith to pro- 
duce the thermal neutrons; 

wherein the second irradiation means includes at least 
one second fast neutron source, the second station 
being located outside the enclosure in the vicinity 
of the second fast neutron source (62, 64). 

5. Apparatus according to claim 4, wherein the first 
fast neutron source is a pulsed source (10) for supplying 
fast neutron bursts, the first detection means including 
means for detecting the capture gamma radiation be- 
tween the fast neutron bursts and wherein the second 
fast neutron source (62, 64) is a pulsed source for sup- 
plying fast neutron bursts, the second detection means 
including means for detecting the prompt gamma radia- 
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tion coinciding with the fast neutron bursts supplied by 
the second source. 

6. Apparatus according to claim 1, wherein energy of 
the fast neutrons is approximately 14 MeV. 

7. Apparatus according to claim 1, wherein the first 5 
detection means incorporates at least one array of 
gamma radiation detectors (12, 14, 16, 18) and signal 
processing means (60) for processing the signals sup- 
plied by the at least one array of gamma radiation detec- JQ 
tors, said signal processing means including means for 
supplying a cartography of the object relative to an 
element content of said chemical element thereof. 

8. Apparatus according to claim 1, wherein said 
chemical eiement is nitrogen, wherein the first detection 1 5 
means includes means for detecting gamma radiation, at 
10.83 MeV, of nitrogen and wherein the second detec- 
tion means includes means for detecting gamma radia- 
tion, at 5.106 MeV, of nitrogen. 

20 



9. Apparatus according to claim 1, wherein said 
chemical element is nitrogen, wherein the first detection 
means includes means for detecting gamma radiation at 
10.83 MeV of nitrogen and for detecting at least one 
other capture gamma radiation characterizing a mate- 
rial able to stop thermal neutrons and wherein the sec- 
ond detection means includes means for detecting 
gamma radiation at 5.106 MeV of nitrogen. 

10. Apparatus according to claim 8, wherein the sub- 
stance is an explosive containing nitrogen, the second 
detection means including means for detecting at least 
one other prompt gamma radiation characterizing an- 
other element of the substance. 

11. Apparatus according to claim 9, wherein the sub- 
stance is an explosive containing nitrogen, the second 
detection means includes means for detecting at least 
one other prompt gamma radiation characterizing an- 
other element of the substance. 



25 



30 



35 



40 



45 



50 



55 



60 
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